Structure Determination and Refinement
The structure of R-C1 was solved with REFMAC5 [11] by rigid body refinement using the wild-type StEH1 structure (PDB [12] ID 2cjp [13] ) as the input-model with K141 and I155 mutated to Ala and all waters removed. Manual model building was performed in COOT [14] . After each rebuilding cycle, the model was refined using restrained refinement in REFMAC5. Water molecules were added in COOT. The structure of R-C1B1D33 was solved by molecular replacement with PHASER [15] also applying 2cjp as the search model. The resulting (refined) model for this variant was subsequently used to solve the structure of R-C1B1D33E6 by direct Fourier transform. Manual model building was performed with COOT and alternated with restrained refinement in REFMAC5. For R-C1B1D33, and R-C1B1D33E6 the same set of ~5 % randomly selected reflections was used for monitoring R free . Water molecules were added in COOT.
The final model of R-C1/R-C1B1D33/R-C1B1D33E6 contains residues 3-321/2-321/2-322 and 3-321/3-321/2-321 for the A and B chains, respectively, and 591/13/350 water molecules. The models had good stereochemistry, with >97 % of the residues found in the most favorable and <0.7 % in the disallowed region of the Ramachandran plot, respectively. Refinement statistics are given in Table S4 .
Pre-steady state kinetics
Multiple-turnover experiments were performed where buildup of steady-state levels of alkylenzyme intermediates formed during catalyzed hydrolysis of (S)-1 was followed by the decrease in the intrinsic Trp (wild-type and R-C1), or Tyr (R-C1B1 and R-C1B1D33) fluorescence of the enzyme essentially as described previously [16] . The apparent rates, k obs , were determined by fitting either a single exponential function with floating endpoint,
or a double exponential function with floating end-point,
to the averaged progression curves. Averages of at least 6 traces were used in all cases. When used, the validity of the higher-order equation was verified by F-tests. Substrate concentrations were 125-1500 µM and enzyme concentrations were at all times kept >10-fold below the substrate concentration to ensure pseudo-first order reaction conditions. Reactions were carried out in 0.1 M sodium-phosphate, pH 7.0, at 30 °C.
The apparently rapid rates of alkylenzyme formation made accurate determinations of the microscopic rates unattainable. Typical experimental traces of quenching of intrinsic fluorescence are shown in Figure S3 .
Accession Numbers
The crystallographic data and structures of the StEH1 mutants were deposited in the PDB with the accession codes 4uhb (R-C1), 4ufp (R-C1B1D33) and 4ufo (R-C1B1D33E6).
Molecular Docking
All docking calculations were performed using Maestro Version 10.3.015, as included in the Schrödinger suite, v. 2015-3. All proteins were prepared by selecting one of the two monomers in the crystallographic unit, and removing any bound ligands. After this, the hydrogen-bonding networks were analyzed, with residues H104, H300, E35, D105 and D265 fixed to the protonation states described previously [17] . Any water molecules with less than two simultaneous hydrogen bonds with the protein, or that were situated within the active site were removed before the protein was subjected to a round of constrained minimization. As a final step, the automated procedure was also performed but without any additional removal of water molecules. All actions were performed using the Protein Preparation Wizard in Maestro. The benzyloxirane substrate was prepared by loading the x, y and z coordinates in Maestro and using the Ligand Preparation routine to generate both enantiomers. Docking was performed with the Induced Fit docking module and the workspace was centered on the centroid of the D105 carboxylate nucleophile and both Lewis-acid tyrosine residues with the default box size. The hydrogen bonds with Y154 and Y235 residues were chosen as constrains during the re-docking to only allow productive binding modes. The nucleophile D105 and the general base H300 were excluded from the residue refining during the optimization with other options at their default values. Re-docking was performed using XP precision. All calculations were performed on the Triolith cluster at Linköping University. 
Supplementary Tables
○ indicates no change from wild-type sequence. Fpocket [18] was used to calculate the active site volumes of the different StEH1 variants. The different crystal structures were prepared as single chain structures, and ligands bound in the cavities of interest (from the crystallization liquors) were removed. A local version of Fpocket was then invoked with default settings (except the precision, which was fixed to a value of 25000). The protein cavities were subsequently analyzed to search for those that were formed by any of the following residues: 33, 105, 106, 109, 141, 145, 154, 155, 180, 189, 235, 266, 267 or 300. The volumes of the identified pocket were summed up to give the total volume of the binding site. See above for details of the docking procedure and also Table 1 in the main text for definitions of distances. Data from ref. [19] .
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Data from ref. [20] . Values given in parentheses are for the highest resolution shell. Figure S1 . A molecule of glycerol (GOL, magenta) modelled in the active site of R-C1. The triol can be viewed as a product analog and would be the hydrolysis product of glycidol. The image was generated using the atomic coordinates of the B monomer in 4uhb (R-C1), with PyMol v. 1.8.1 ( The PyMOL Molecular Graphics System, Version 1.8 Schrödinger, LLC). The 2FoFc electron density map (mesh) is contoured at 1σ. 
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